The electrochemical behavior of an eutectic cadmium-bismuth alloy in borate buffer solution containing 1,2,3-benzotriazole (BTA) as an additive has been studied. The additive inhibits the cadmium and alloy dissolution to an appreciable extent. It has been shown that the experimental polarization curve of the alloy is similar to that calculated based on the additive scheme. However, the currents on the experimental curve are lower due to selective mode of cadmium dissolution from the alloy. The kinetics of passive film formation was also studied.
Introduction
The effect of surface-active substances on the regularities of electrochemical dissolution of heterogeneous alloys has been studied less thoroughly than for homogeneous alloys. [1, 2] . Benzotriazole is known as an efficient complexing agent for non-ferrous metals [3, 4] . The surface or bulk complexes that are formed can change the characteristics of the polarization curves of cadmium, bismuth and their eutectic alloy.
Experimental
Electrochemical measurements were carried out by common techniques in a threeelectrode cell. Forward polarization curves in the direction of potential (E) increase from -1 V to 1.5 V and reverse curves in the same potential range were recorded using stepwise E variation with a step of 50 mV and exposure for 1 min at each E value. In addition, anodic chronoamperograms in the passive region at E = 0.5 and 0.9 V as well as cathodic chronopotentiograms were recorded. A saturated silver chloride electrode was used as the reference and the E values are reported with respect to it. Electrodes with a disc-shaped working surface (area = 0.4 cm 2 ) were mechanically abraded and polished. The studies were carried out in borate buffer solutions with and without 0.1 mM of 1,2,3-benzotriazole. The efficiency was estimated by inhibition factor γ, which is the ratio of the process rates in the pure solution and with the additive.
Results and Discussion
Benzotriazole affects the electrochemical behavior of cadmium and bismuth in a different way. If polarization is performed from electropositive potentials to anodic ones, BTA inhibits the cathodic evolution of hydrogen on bismuth, stimulates it on cadmium, and changes the corrosion potentials E cor , Table 1 . The process is inhibited more strongly on the eutectic alloy having a fine-dispersed structure. In borate solution with BTA, the E cor value on the alloy is close to that of cadmium and significantly below than that of bismuth. Benzotriazole practically does not change the form of the anodic curve on bismuth. The process rate in the presence of the additive decreases on all the characteristic parts of the curve, Fig. 1 , Table 1 . In comparison with pure borate solution, BTA changes the shape of the anodic polarization curves on cadmium and on the alloy. The potentials of the first E ap,1 and second E ap,2 anodic peaks in the solution without and with the additive are similar. The process rate at E ap,1 decreases essentially but practically does not change at E ap,2 . This results in a bend on the curve on cadmium. A clear two-peak anodic curve is observed on the alloy. The process rate at E ap,1 is four times smaller than that at E ap,2 . Transition to a stable passive state on cadmium and eutectic alloy is difficult and continues up to the oxygen evolution potentials.
Spectrophotometric analysis of solutions containing Cd 2+ ions and benzotriazole ligands showed no complexation to occur. Obviously, BTA is adsorbed on the cadmium surface, preventing oxygen chemisorption and formation of an oxide-hydroxide passive film. The inhibition factor  increases with an increase in potential.
The experimental curve on the alloy was compared with the theoretical curve generated by the additive scheme:
The E cor on the experimental curve is close to the calculated value. The dissolution rates of the alloy in a solution without the additive on the experimental and theoretical curves match. In a solution containing BTA, the theoretical dissolution rate in two or more times higher. Probably, the finely dispersed phase of cadmium in the alloy is more reactive and better adsorbs the additive. Furthermore, BTA may be retained in the pores formed.
Cadmium, bismuth and their alloy do not undergo local damage in the presence of BTA. The process rates on the reverse curves are much lower than on the direct ones. The additive changes the characteristics of the reverse polarization curves. The E cor and cathodic currents are higher than on the forward curves, whereas the anodic currents are smaller. Upon reverting the polarization direction, BTA decreases the rates of cathodic and anodic reactions on Cd and on the alloy but increases them on bismuth, Table 2 . The  values substantially exceed the inhibition factors obtained on the direct curves. This may be related to an improvement in the properties of the passive film. The current was observed to decrease with time on the chronoamperograms on cadmium, bismuth, and alloy. In contrast to the pure borate soluton, dissolution is steady it time [5] . Linear sections are also observed on the curves in i -1 ,  1/2 coordinates. These sections correspond to the equations:
The applicability ranges of equations (1) and (2) and their parameters are presented in Table 3 . Table 3 . Correlation coefficients R, range of applicability , and parameters of equations (1) and (2) as a function of E.
[Bi] 0 , wt.%
Parameters of Equations (1)
Parameters of Equations (2) In this case, differences exist due to competitive adsorption of the additive on the surface and its different effect on the dissolution of the components in the case of the alloy. In a solution without BTA, the chronoamperograms on cadmium were described only by Equation (2) with different constants within different time intervals, those of Bi were described only by Equation (1), and those of the eutectic at E = 0.5 V by Equation (1) and at E = 0.9 V, both by Equations (1) and (2) . In the presence of BTA, long sections corresponding to both equations were observed on the chronoamperograms. The larger α -1 values on bismuth are probably due to the smaller diffusion coefficient in the film.
The process rate decreases with time both in the pure solution and in the presence of BTA, which may indicate the absence of apparent phase formation on the surface [6] . In the initial period of time, the additive behaves as an inhibitor. As the exposure time increases, the inhibition effect increases on cadmium and decreases on bismuth. The  values become closer to those obtained in polarization measurements. It may indirectly indicate that the composition of the surface layer is similar to that of the passive films formed during the time when the polarization curves were recorded.
In the course of time, inhibition of the alloy is replaced by stimulation. The  values are lower than those obtained in the polarization measurements. The cause of this change in  with time lies in the finely dispersed structure of the eutectic providing a higher dissolution rate than on cadmium at the initial stages. The high degree of surface renewal with simultaneous dissolution of the alloy components, as well as competing adsorption of BTA and oxygen, prevent the formation of a passive layer.
Cathodic chronopotentiograms of the metals and the alloy obtained after recording anodic i,-curves at E = 0.5 and 0.9 in a solution with BTA were characterized by potential delays E d , Table 4 In a solution containing benzotriazole, the specific charge consumed for the formation of the passive film q i on cadmium and on the alloy is much higher than that consumed to reduce it, q E . As could be expected, there is a greater difference in the ratio of q values obtained in pure borate buffer and in the presence of BTA.
The share of current consumed for oxide film formation increases with an increase in E. In a solution with BTA it decreases on the alloy at E = 0.5 V and increases on bismuth. At E = 0.9 V, the share of current consumed for the formation of oxide increases.
Conclusion
A similarity in the anodic behavior of the alloy and its electronegative component, i.e., cadmium, was observed in the solutions studied. The overall shape of the curve obtained on the alloy is similar to that constructed using the additive scheme; however, the currents on the experimental curve are lower in the presence of the additive.
Benzotriazole inhibits the dissolution of the metals and alloy upon direct and reverse polarization. In the case of cadmium and the alloy, adsorption of the additive on the surface causes a significant distortion of the polarization curve.
In the presence of the additive, the process occurs under diffusion and diffusionkinetic control. The share of current consumed to form the passive film is much higher than that of the current consumed to reduce it.
